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imm^] mmm 

[m^m2] mi Pi^^hym^^xi>im2ei^^hymu'T-(Di£t>^f)^ 
m^ms] mi /s i^^hy<D^^m^^t-t:s>v)\^zi-^j^^U'- hm 

[»:^^4] mi i3S;>Vrh>S.tJff|2/Sj;>irh>*^^tl^tl2,2,6,6- 

7^h^;t^;i/-3 ^^-^-f^yi^yfyms, 2 , 6->:>'>i^;i/-3 ,b-^^^p7ty 
aa, y^^jiT-thy^m. ^^■^yMur't^jvr-^hynm. hvyji 

)izi=L^2^it^mtiis.m^itxm^tii>mi^x&^x, 
mm2mm(D0 p^ hy'it^mo^m-^m-^ (a/b) A^^^i/jtr-s 0/2 o~ 
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2 0/8 0T'feS»#^5ia«©^^2^";b3-'>A^'^i^„ 

m^m 7 ] 2 anixii 2 mm&.±<D p h yit^mt>^'tn^ti 2,6- 

^^^5^;i/-3 , 5-/\yi5r>S;;t>, 2,2,6 , 6 h ^ >C 3 

^y, r-t^jiTizhy. ^^"^^-yjiyturi^^-jir-thy. hv yj\/^ar-\z 

>T'^ o T> fifi:&o h yit-^m^"^ 2, 2, 6, 6 -5^ h^^ 3,5- 

0M^SI^2 j8 i^^hy^m&^t-^^PJhn-ryi^-f.U- $:M^f -5 

d ^ ^ t-^ S^Vl/ 3 n ^7 

- m^m 10] ^ 1 /3 i?>!r h >>fb^#f<Z)M^a*'C|| 2 y >!r h > ^BB^^ 
ft^^y)V:n — ^l>,^l/~ \^^m^MLX 1 0 0 mo 1 1 6 0 0 m o 1 %7r 

mif^mi 13 m i8 i^'>ir h^fb^W^ 2, 2, 6, 6 -7^ h^^^;i/-3, 5 
-^y^^^:;^';^ >"t?feoT. 112 /8 ^'^r ^>^gB^^^i:•rs>:^VI/=r-'^A^l/- 
C»*:^i 2] HI /s V^hyit'^<^f)^2,6-t;?:^^)V-3 , 5-^-:f^y 
V:^y'^-&^X. m2 /8 P^hyt:mi<L^il^^i?JVn=.^J^^U- hmi^iD'^'r- 
h-^^^y^ 2 , 2 , 6 , 6-x N^^^;i/-3 , 5-^:/^ y hi^'Jvn — ^AV 
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-ISO) i3 h yit^m^A n mij<D )3 Vd- h y^t-^m ^Btr^t^. 
mB2mm(D^ P^hy<t^m<Dm^WS^ (a/B) *^^;i/itT'8 0/2 o- 
2 0 / 8 0 T'&SM^« 1 3 tB^(Z)-^fig5Er^5Sc 

6-i;^^;i/-3 , 5-/\y^ >S/:t>, 2,2,6 , 6 -5=- h 5 ^ 3 , 5-/\^^ 

:yi;3r>T'feoT, ft&:&(Z)/3 ^:;'!r h><i:-a'4^75)^2 ,2 , 6 ,6-5^ h^;i^;i/-3 , 5 
-^zf^y^ytyx^^m^^i 3«:v%bi 5 v>Tti*^ 1 jafcsB^^-^fiKz&^o 
C^^^i 7] ^^]Si^t^0 8v>-rti*^i^icgB^(Z)Jtili?;n2-ii;A 

;v =1 r. 1^; W^^^ ic b ^ S MMI4o 

8] s^-'mm<D 0 hyi\:^mii'^t(Dtpjii>±mi^m&Lt=.m 
T 10/90-90/1 ox&^m^^i 8mm<DmwLmn. 

m^m2 0] f^lRX:^m2V)Vzi-^A^U- hi§m'^'rh^^:^2, 
6-^:^^)1-3 ,5-y\^^yt^7i-±-hi^Jin-^2^, -r h^^:^ 2 , 2 , 6 , 6- 
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9 tm<j^mwLWM. 

n-C'AT'^^tt^JSl 8^v^b2 0^^•r4^;^)UJS^c|a«co^?KMM. 
T'fe^»:^]Sl 7^1>L2 1 VA-rtl*^l^tCSB^(Z)^MM3l^c 

[^*]S2 4] e#]Sl;&v^L8v^-rtl*^l]S^cfB«(Z)^m^:>";^=I-^^A 

«*«9^VNbl 6VNTtl*>l^lCfH«<^'^^:&i*lCj:U#^tl'5^il 
i?;i/i3zii^i:,^-^#jXti»#JSl 7^v\b2 3 VA-rti*^i:^iCSB«®^IKM3(6|-$: 
m t ^ Tfi^m-r S r i: If 1^ f S 5^ ^ > ^ n > ^aS«M<Z)figm;?^. 

[0 0 0 1 ] 

F e RAM (Ferroelectric Randon Access Memory ; ^^^Wi^"^ 
^^H^r^il^M'fl:^^^'^ (Metal Organic Chemical Vapor Deposition, 

l&»J^<©figm:&^{cMt--5o 5g{c#L<«, =f'^ymV)\^nym^ (Pb(Zr, 
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[0 0 0 2] 

, DRAM^;Sg|'f£(^)fe-SF e R AM^(Z)3tSI«f*:^ ^ U S $:m<*T V^€>o 
^mil^;t^Uli, ±fHCD#^tCiin;tT, »ii^«i±*':<£v%, fljit^ii^?^*'^ «rig 

[0 0 0 3] 

T, thdi:V^s>o ) *^aBfi:t)^T-h^^X2 ,2 ,6 , 6-7^h^^^;i/-3 , 5- 
^y^SJ^S;?^^-- hS^Vl/rr-iirA (^T. Z r (t h d)4^v^•5o ) mi^i}^. ^ 
mmt^m tLXlt, If X 2 , 2 , 6 , 6 h ^ ^ 5^ 3 , 5 -/N y ^ :/ S;;*-:^ - 

a>iT> p b (t h (DgiivA^), ) mm^^yit^mtiLxit. v 

-ry:;^n/K^i/if;^2,2,6,6-7^h^^^;i/-3 , 5-/\>^^ 
y C&^r. T i (i P r OgCt h d)2i:v^e)o ) ^#:;6'J-e4^■?tl^e>4^TV^So 
[0 0 0 4] 

z:(Z)e)-^Z r (t h d)4^<*:li, P b ( t h d )2^<*:, T i ( i P r OgC t h d 
^(Dt^isb. Z r (t h d)4^^$:j; ^) %i&\<^6^mum^^ir ^9- h ^ - y ^ V 

-^h^zyV)i^-^j^ mr, z r (t B uo^iivA-Pc ) mi^^pzTmm 
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[0 0 0 5] 

. i?>()J:f u^^i/\^x 2, 2, 6 ,6-^ h^:^ ^)i-Z , 5 > t^Ti-)-- h 

i;;i/=F-^;A (JS^T> Z r (i P r OgCt h (DgilVN^io ) i^^-i/^U 
-^h^i/tf;^2,2,6 , 6-7^ h^^^;i/-3 , 5-/\:/^>$;>r^- hy;i/n::i 

•^A Z r (t B uOgCt h d)2i:V^e)o ) mi^. Z TgCi P r 0)g(t 

Bmmm^MocvD^^m^:^jvn-^Ajt^!^iiLx. >(vfu-^s^ 

h UX2 , 2 , 6 , 6-7^ h^^^;i/-3 , ^-^Zf^yVyt^- h V)VZ2=Lf7J^ ( 
J^<T, Z r (i P r 0)(t h d)3^:VNe)o ) li^*^iilg$4xTV>S (M^lf. 

[0 0 0 6] 

[i^ff 1 ] 

P C T |l||^<2^l€#-^WO 98/51837 
[#N#fF35C]|^ 1 ] 

Anthony C. JonesA,, Journal of the European Ceramic Society, 19 (1999) 
1413-1434 
[#N#fF^I^2] 

^Mb, mA.imm^mmm^m^i^^mm^^mmmQQ.z.) p54o 

[0 0 0 7] 
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[0 0 0 8] 

±mmm.^.^m^-t^pji::i-^2^umtLx^^m^^itz r (t b uoc 

t h d)^^ii^^x:^Z r (t AinO)(t h d )3m$:^j^a<J^cM^.^T^fc„ U75)^L 

iSjS^r^ij. M^ft«j{cz r (t hd)^i}^^mLxbt^t^^omm^mhx^^tc 

o 

(PJ^r. Zr idhd)^t.^^Oo ) iJ^'tom^MMtifJi'oX^^^o Ltf^hZ-OiZ 
r (d h d)4ttT i (i P r 0)2(1 h d)^(Di:or£mm'f-^yi\:'km^J^E\ZiX.^ 

x^mumii'^^<. m:m^(Dmmf>mm\zr^hmm^^Lx^^fc. 

[0 0 0 9] 

il IC o 

*^^©m3(OB6^ii, mm^^^mtm^hx^R]^Lm^^mmv)\^n-^ 

$: fl#^-t S r i: ic ^ -5 „ 

[0 0 10] 
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2 /3 p^\^y(DM:^^'tn'enm^^tLX'^tiV)in=L^j^^iy- hmnifi^ i 

mt. ^m(Dmmi^ji::2=-^^^m^mzit^x. mm^m^mjkt^mm^ i( yit 

^^H^mmv)\y^='^2^m^m^mniihxMocvDmiz^ ^j^scm-t^t. 
ft^^'^ummmx p z Tmmommmm^^ 'j mmizno ztii^x^^. t r^m 1 

0 i^d-hycom&mi:. 112 i8 P^hy(Dm&m.t)'^^i:^JV^-^2^^\y- hmi^^ 

iz^'ox^Mnmfjii^2m&.±(Di^jvnzLyyA^i/- hmi^^^timmt:^jvzi 
[001 1 ] 

2 izm^ ^mit. m^^iizm^^mx:&^x. mi 0 v^hym^^ 
xitm2 p v^hym^'f-<Di£t>^ti^-:&x\t't(DM:^^^iz^timmv}izi- 

m^^2>\z^^mm\>t. m^^ix\%2\z^^^mxth^x. mi^v^rvy 
0^^m^^h-t^V)\^nzLi:fU^\y-- h^ii^x\%m2 0 i^^hyo^^^m&.^ 

mi 0t^^hyRx:^m2fit^^hytt^'tti'enthd. dhd> nz^jvr-^h 

y^& (&.r. a c a c i:vx-)„ ) , ^^v-yj]y>taT±^A^7±hym^ (PA 

T, h f a cH^^Oo ) , h U 7;^^D TiZ^;i'T-fe h t f a c 
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[0 0 12] 

um^m^^t.t>^x^^. «&oT, :^(Dmmt:^)\y:2-^2^m^m^mnt.LXM 

[0 0 13] 

mi^ti^2mm(De t^'^hy^t^mt.vjvn-^Mt^f^t^^ft^^-^xm^n^ 
:^<De v^hy^t^m^Bt-t^t^. 2mm<Dev^hyit'^<^(Dm^m^ ( 

A/B) a^^Jl/itXS 0/20-'20/8 0 X$)^ tZ^K^&^a 
[0 0 14] 

m&.±oet^^hy^\:^mt)^'en'et\,2 ,Q-i^:f^^ji-3 , 5-^:f^y>:^:^y ( 

J^T, HdhdiivOo), 2,2,6,6-r h^^f';i/-3 ,5 -^^^5? :y 
(J^T, H t h d i:V^e>o ) , T-l25^;i/T-fe h> (fiAT, H a c a c ilVN^Jc ) 
, ^^-^y)l:tU7-\E^)l7± hy (K^T, Hh f a c t^^Oo ) > h U 7;i/:r 

nr-fe:^;i/rir h> (ij^T, Htfaci:v^e)o), h u 

(i^T, HtodilV^e>o ) S.tJJ5^'7ai-;i/ynA'>i;:r> Hdppd 

o 
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[0 0 1 5] 

S r i: #M 21 1- S ^« ^> n - «^ A^^i^<Z)^fig T' * ^ o 
[0 0 16] 

1 0 0 m o 1 %~ 1 6 0 0 m o 1 %"^feS-&^:?^^7?&e„ 

VyVc^mtf^^^ h dX'feoT, 112 /3 V^Vy^MU'i'}lt^^J)\^n-^J^^ 
[0 0 17] 

itmVC n - 1^7 A P> ^ s ^ j: Sti 7^ V)V :2=.^ A>ffc-^tf ^^IC^^ L 

m^mi 4:izm^^mit. m^mi sizm^mmx&'ox. 2mm<D0i^^h 

yit^mti^ji^n-^A^t^s^t^Rjz^-^^xn'^n^mmvjvn-^jun^m 



1 0 
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fij^ (A/B) :)5)^^;i/i:bT*8 0/2 0~2 0/8 0T'feSi:r5lCfeS„ 

it2mm&.±<D& V^hy^t^mti^'ttl'^tlHdhd. Hthd, Hacac, 
Hhfac, Htfac, H t o d ^t>*H d p p d ^b^^jJ^-SI^J: ^ ^litl^^ffc-^ 

H t h d x$>^^m:^mx&&o 

[0 0 18] 

-^7iA^-^i^Xttif^3S9 ^i,\u 1 6v^•r^l*^l^^clH«(0■^^!g:&^&^c«^:^J#^, 

[0 0 19] 

p b (t h d)^z^m.^^^Mmm'c'^m>im.-^\^x^ 

^•fb^^t <Z)iiin S: ffllMT' # S «?)M O C V D ig»{CMM 5: b T ^^T' ^ S o 
Hic, z:(Z)i:e)lcliSg$4xfe^?KM5|55fli, 1 l/- 

fevxTffi«<^^'f[:MM • ^W&.mz.wm-t^z.hif^x^^f:^^. z.(bmWLW(^ 

[0 0 2 0] 
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dpi/- h^g^SrCp m2i^)\ya-^2^^u-h^Pi^^C2t:-t^t^. Ill 
m2VJin-ry2^a^U~h^iii^(Dm^m^ (Cj/Cg) *'^^;i/i:bT'l 0/9 0- 
9 0/1 OT'fe-&^?£MMT'feSc 

[0 0 2 1] 

•fe^;i/T-fe h-f-- h$>VH3-'i7A (&.r. Z r (a c a c)4^V^e»o ) ^ y^h^ 
=3r^/\:¥i^-7;i/;rnr-fe^;i/r-fe hf-- h i/Vl/U-'i^A (J^^T, Zr(hf ac) 

T. Z r (t f a c)4^V%e)c ) , 7^ h V -S^ P^t^- h 

n-ryh. (JS<T. z r (t o d)4i:^Ne»o ) >S.tJf7^ N '^=3p;^^:;7x-;I/y□/^°> 
hi;;i/3r-t^7A (J^<T. Z r (d p p d)4^V^■5o ) ;6^^^^SfJ:U^ 

lt#]®2 1 \Z^^W^\t. m^-^l 8;5iV^b2 0 VN-rtlT&^l^lC'^-S^^-Tffe 
oT, 111 i^Vl/3-'^rA:^r I/- h^#:7&^Z r (t h d)4T'S>oT, ^2>:;;i/3~ 
'^'A^^r I/- h^^^t^^Z r (d h A)^X^^^^WLm^X^^. 

Hi i;;i/n-':7A^l/- h^^$:Z r (t h d)^^! L, l|2 i;;!/!!-"!? A^p i/ 
-VmW^Z V (d hd)4i:L/fe^?KMi|SHi, Z r (t h d )4^if*:i:i:bg^bT<SV^ 
Pb(t h d)2i:?S-^L/T=fe;SlSSL/ilVN^?KMJ|8f^i^S. 
[0 0 2 2] 

»^:^2 2\Z^^%m%. ft*3gl 7;&V^L2 1 V^T4^7!)^ 1 ^tC-^SIg^T'fe 
blFn:7^> (JSAT, Me-THFilVNe), ) , n-:t^^>, -fy;f^'^>, /\ 
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[0 0 2 3] 

it*«2 sizm^wmt. m^mi ifj^^^Lz imiz^^^m-e^^ 

[0 0 2 4] 

#^:S2 4 tc^-5^q9«> 1 L 8 V\rti;&^ 1 :«Cia«®W^i;;i/=i 

[0 0 2 5] 

iz^ti^etim^-r^mi ev^hycom^mt. ^2 pp^hycDm^mti^^p 
tm2 /3 i/^hy<DM:^^'eti'enmu^t bX'^tipj\/n:=.ryj^^i/- hmi^ 
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[0 0 2 6] 

^-fb^ifeT'fey, P b (t h d)2C^i:e)«:^«il&fb^#ri:M^LTt), :^^'fbL 
[0 0 2 7] 

vy(D^^m&.^t.-tsV)\/zi—i^h,^v- vm^%\-t^2 /3 v^hycn^^m 

& S o 

mi & i^^hy&t^^2 13 t^^hyit'eti'etlt h dhd. acac, h 
fac. tfac, t o dStXJI^d V p dtf^^tjtsmj:*)mi,tnt=.^t^!\^tl^^^mx\ 

U . mi e hyti^t h m2 e i/^ hyii^dh d (Z)iis-it*3-fr^, mi ^ 

i^^hyfj'^thd. 112/3 y>r h>;()'Ja c a c (DM-^t>-B:^*^ J: y^fMT'fe^. 
[0 0 2 8] 

a^j2^±(^/s hy^t^mtvjvzt-^j^it^mt^RfZ^'^-^xm^tiSo ± 
miyji:2=:-^^^iz2mmiiis±<D^p^hy^t^<fi^^m&'^'^tc^t.x. t^jfej: y 
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^m<D^mum tj&ui^ r^^mum ti-^ztfi^v^. pzt mm<Dm^mm ^ 

[0 0 2 9] 

hyit^m^BiL-t^hn. 2mm<^^v^hyit^m(Dm'^m^ (a/b) ^ 

^;bi:t'e8 0/20-20/8 0 (Ofgfflp^ i: j&§ J: e) tcK-a-t -5 o 2a^Xfi2 

am±®i8 t;>5r h^^b^^li^tl^tlHd h d, Hthd, Hacac. Hh 
fac, Htfac, H t o d ;at;H d p p d A^ ^SI^J; U ^litl-So 2mm. 

(D^iPfrvyit^m^m^-^-^^m^it. --jso^&v^vyit^m^^^^ d i: 

[0 0 3 0] 

Vyit^mh\%m'^(Dmt^^^2 /s VfrVy^mu^t.-thV)\^zi-^h.^\/~ 

^\z\t. 111/3 s;>!r h 2 /3 i?>!r h y ^m^^ t-t^ -yjl n 

h^mcMLX 1 0 Omo 1%~1 6 0 Omo l%tfjt^^DlZU 

^■t^o 1 0 Omo 1 %^mx:^^tm2 /3 hy^mm^n-r^i^ji:!-^ 
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hy^m&.^t-t^V)\/n=Lf;2^^\/-' h^Wfi^Z r (d h d)^-^, %l & 

hyit^mwd h d, H2 j8 v^hy-km^^}i^^V)\^n-^h.^\^'' 

[0 0 3 1] 

PJsT. Hthd, Z r idhd)^(7)m'^t>i±iZ^^mi(D^m:&m^Wim-t^ 

mmm^mm-t^o mmtLx\,tn-y\^'^y. h;i/x>, thf, ^^^yRxj^ 
=sr ^> u > e) j& e s¥ <fc y 3i ti ;t 1 «x « 2 aje^_h(?) wa^b^ e> *i ^ o 

^m^^UhXitmm. ^MT'^tllimVNo ik\'^X\ Z r (d h d)4lC*fLT 1 
0 Omo 1%~1 6 0 Omo l%(Dm^tf£^^oiZHt h d $:^fl¥MlC^M U 

T> mux 1 zmmmmmwvxRm^^^o zzx-o^i^sit^i^^hy^t'^m 
ta^u- hmi^(p(Dm^^tm^^^m^m^Lx^i). ±t&mmm^\z^^)m 
&,^^m(om^^Mm^-^^:iti)'ix^^o mz. s.fZM^m&rxnm^-^x 
mm^^^-t^^mzi:^}, d hd(Dm^mtt hd(Dm<fLmi)^^0^mzj:^x 

*'J#?>tl5o Mi: L/Tn-/^^i^->$:MV^:fe^-^. 7 0°C, ^1330Pa (1 
OTorr) XJ^^-T^^Hti^^^l^^^. Z.(Dmm(nVJVn=.^2^^\^-h^i^ 
iZit^tLXZ r (d h d)3(t h d), Z r (d h d)2(t hd)2J^V^Z r (d h d 
)(t hd)3*'f^^ti, -?■(Z)ftS^C^i±8ai?;l/3-'i7i.:^rl/- h^i#:(3Dzl4fi|c^t)-^ 

ttix^^^tmm-^n^. ^^s, #^tifc^mi^';v=int7A^-^%{cii, s.Jtiz 

^i)^Cr:iHd hd-fy'^'^ttl. Hthdi:Zr(d h d) ^t:<Dm^m^iZ^ ^X 
It. *)R/Sa)H t h d-^Z r (d h d)^, mS.}^i^^X&^Z r U h d)^^%^ 

[0 0 3 2] 

r^lC, HthdiiZrCd h d)^(Dm^t>'&iZj;:^mz<D'^m:^m^m,m-t^ 
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mh. "^(DmmwL^mM.hfA^iLxm^Lxwi^^B^ii^. m^^xm^WL(D±M 

[0 0 3 3] 

ici 5~3 Ofiiroi:;^^ j:e)lc^«?-r'5o ffilSMJ^ii bTlii?;i/=i - ^7 A:/ h 

^vyit^mhV)\yn-^hsi\L^m}L^Km'-^'^xv}izi=-^u^v~ vmin^^ 

BHir^h^. 2mM(D& t:^^Vyi\:^mcom'^^\^ (a/b) ^=t)\yltx%o 

/20-20/8 oomMpm^j^^^oKw^^^o 2mm&s±x\t2mm(^ ^ 

V^hyit^mt. -etl-r^xHd h d, Hthd. Hacac. Hhfac, H 
tfac, H t o d^tl^Hd p p dA>^;&egf j:yS«neo 2mm<D^V^h 

yit^m^m&.-^'^^^^it. -is(Di3V^hyi\:^m^ndh.d.t.h. 
^v>rvyvc.^m^iit h d bv^. 

mz. 2 mm&.±<D ^v^rv yit^m^^tim^m. ^ mm v r^u^mm ^ r © 

■bumLxM^i-^o ^(DMrnnmiz^v^^yi^^^'^oHmtf^^miz^ 
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CO 0 3 4] 

/3 i?>r hV-fb-^^lCHd h d, Hthd, )in=Lry i^jt^i^izi^ )\/Zi:z.^ 2^ 
>^ h ^ F ^ ti^tiffi v^ T ^# ^ ti n - "t? 2^m^<^<D^A^m 

0 1 i e>tc, m/z 7b^5 8 5 6 1 3®br-^{c^s-rsi:, m 

e> A^lcM'fc ® n - 1? A ICiH^ U feifc-a-^jb^^fife L T S 3 

r (t h d)3(d h d)^V^ttZ r (t h d)^?!)^, in/z*^6 1 SO^^T^^^^ttZ 
r (t h d)2(d h d)2^V^«Z r ( t h d d h d )*^, in/z*'J5 8 5cZ)>f;^- 
>*^e){iZ r (t h d)(d h d)3^miZ r (t h d)2(d h d)2*^, m/z ;0t5 
5 7(Z)>r;^->*^e>^iZ r (d h d)4^VN«Z r (t hd){d hd)^i)^^t\,^t\,^m 

[0 0 3 5] 

zlCDi: e) {C UT#e)tife*^^®;ta2^Vbn:^^; A^-a•^^$:;t^^^^c^«?t- 
F, Me-THF, n-;t-^^f>, >ry:t^^>, '\=¥-9->> CyHex, IfUi^" 
[0 0 3 6] 
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■^*tl<5e^Vl/a::i'j7A:¥l/'- haifls^^^-fbMSttZ r ( t h d Z r ( d h d )4 

ZLtX\ mi ^:^)l:2^^2^e(.u- h^i^MmUmtm2i^')in-yyA^\y- h 
[0 0 3 7] 

:^mm(Dmmmmzm^^^miRx:^m2p)vn-^2^^iy- h^mt. m-m 

^bT=foP b (t h d)2i:^MLilV^«-a•^$:?^figLilV^, 
[0 0 3 81 

*^^®^?RMJ|SHCP b(t h d)2<^ci:e)^^#li&^b'^ifelXliT i (i P r 0)2 
(t h d)2® J:e>'5;^a^^:/'fb-^4^<Z)if-^e)7!)^-:&Xli-5-®5R^S:Mlc-g'tf^ 
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[0 0 3 9] 

;bit-e 10/90 — 90/10 i:^-5<fce)ic@H-^i-^„ ^ LVN^;L'itii 5 0/ 

50 — 80/20 IffeS. ^;bJt*U 0/9 Ot^^. fiPt) C j(^)@2-^#J-^*^ii?>& 
«5oTU*e)^:R-^S:^DSo t :t^;i/iti*'5 9 0 / 1 0 liP*.Cj<DSB 

i*:liZ r (d h d)^. ZrCthd)^. Zr(acac)4, ZrChfac)^, Zr 
(t f a 0)4. Z r (t o d)4S.t)^Z r (d p p d ^ ^-5S¥<fc ^jglitl-So II 
1 \^mi^^z r (t h d)4i:L> ^2 t/A:^ U- h 

^^$:Z r (d h d)4i:-t<5^i:*W^ LV^o 

^#^§^ic b 1 (Dmmmn t: mm<Dmm^'^m v^ ?j n -5 . ^^^^^ t 
miArj^m2i^)vzi=.f7j^^iy- hm^<^M^^^itmzm^-^n-t. mocv 

[0 0 4 0] 

hmi^^mmmmicmmi^rm2mmmntvt^%<D^m2mmmmzmA 
MO c V D^gicH 1 j^zj^m 2 mmmm ^^tn^nm »; ^i^T'^^t^©tff 

mmmn^mmi^x^^w 



2 0 
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[0 0 4 1] 

at -t M O C V D iig A w V ^ tl <g> . 

<5c fi^i^^i ocDf^gptcttn-^ 1 2;&^IS:i:f e>ti. fcl-^f 1 2±lCl«^l 3^^ 
^If^ti^o rcD^l^^l 0 (Dp3mitm:hif 1 4^t)Jn- K;WN';i/yi 6 

c ^^i§^^si licit. :$^mm(Dmmi^ji:n-^2^m^m^^timmmn^f& 
^■t^mmm^i sttm^^n^o mnm^i 8izititf:;^mMmmmmi 9^1^ 
LxMBtm^m^iff7.mAm2 lii^mm^ti. *&mm^^i 8izimi^m2 2 

[0 0 4 2] 

%it^2 6izmm-^n^. %it^2 6^c^in-F;l/7^';l/^3 1, :^xmMmmm 

Tiz^ij^m^i oizmm-^n^. 
z<Dmmxii. iDffiM^M'ii:^^*^^Aif2 1 jb^e>M5isf^^ 1 8mzmx^t\. 

mjkXf^m^^yit^mit. miZ^^r^J7iS:x,mA'§2 Q:fy^^%itM2 6/s#A 
^titc^^Vri}:^iz^i)m'^2 7 ?:MT^j^^l Op«gic«*&$n-So mmMi 

^.^^«^A^3 2 jL^jmA^nr^mmnii^izm^m^^. mm^ntcmm 
1 3±izmm-^^xpzT:mmii^mm^M^^^o tmmyfmn:^:^. ^^vr 



aiiE# 2003-3047181 



#2 002-340381 



isy^izit. T;i/dr>, ^v^2^. mm^tf^mif^n^o 

[0 0 4 3] 

<mmm i > 

VXHt hd^^n^nPSMLtz. rk^^X% Z r (d h d)4^^^tC l 5M*% 
^^■y-^STrnv^^Sio Z r(d h d)4fC*fbTl 0 Omo l%<Otf-^^^a 

j:e)icHt hd^mmmizw^miyx. ^uxi z^mmmmnhx^m-^-^r:^. 
z<DRjzM^m&rx^'m^ii:xmm^]^^t^^tiz^ij, d hdaym^mt 

t h d®iBfelK;b^#i;;i/i3-«^7A^U'- h^flslCfcoT-^-ti^tiM^-S^^cOi^' 
h^**;i:, m&j!^^(^Z r (d h d)^tH t h d t.. Z r (d h d 

[0 0 4 4] 

<mmm2> 

H t h d(Z)M-^*S:Z r (d hd)^izMVX4 0 0 m o 1 J: e) ICM"^ 

<mmm3> 

H t h dOQm-^*$:Z r (d h d)4tcMLT 1 6 0 0 m o 1 J:-5{CM 
[0 0 4 5] 

$fc-r, h^#:i: LTZ r (d h d)^, 0 V^hy^t^mt 

LXHt hd^^n^timMLt:io rk^^X, Z t idh d)^^mmizi 5mA% 

~3 oM«%i:^s j:e)icsffi, ^^xmmLxmmm^mmLr=.o ^mizitn- 

^^■^y^m^^^r^o mz. Z r (d h d)^KMLX 1 0 0 mo 1 %0m^t^ji^ 

^z)izHt h d^mmwLizmMvx. muxi 2mmmmmwi^xEm'^-^r=.o 
zo^Rf^m^m&rxmmti^xmmiJ'^^^nmiirji^txmmL. ^<Dmmm^ 



2 2 
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[0 0 4 6] 

<mmm s > 

Ht h dCDiS-^aSrZ r (d h d)^lZMLX4 0 0 m o 1 % tfji^ ^ O iZM^ 

hx^^Lr^&.mimmm4: iimmizLxmmi^j\^^~'y2^n'^^^nr:io 
<mmm6> 

H t h dcDM-^S^rZ r (d h d)4lC>t?fbT 1 6 0 0 m o 1 j:e>{CM 

^LX'^^Lr^&smtmmm4 tmmizLx^mi^j\y::i~^^m^m^mr^o 

[0 0 4 7] 

<mmm7> 

$;;ni-ii7A^l/~ h^§#:S:Z r(t hd)^, 3 t^'>ir h ^-fb^^feS: H d h d JC 
-etl^nf^;tT, Hd h d(Z)M-^*^Z r (t h d)^iZMLX 1 0 0 mo 1 %i: 

fj:^ ^^izm^bx^^brc&.mtmmm I tmmizLxmmi^^^iy^-^Msm^ 

Hd h d(Z)M-R-*§:Z r (t h d)4{C>^LT4 0 0 m o 1 % t. ^ -5 J: "S) (C 

Hd h d(7)?i-^»S:Z r (t h d)^\znhX 1 6 0 0 m o 1 J: e> IC?S 

[0 0 4 8] 

<mmm i o > 

V)\^n=Li^U^ V- Vm^-kZ r (t h d)4, /8 V^\^yit^mknd h d IC 
^tl-r4xf^;iT, H d h d(DU^^kZ r (t h d)4JC^LT 1 0 0 mo 1 %i: 
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<mmm 1 1 > 

H d h dCDm-^M^Z r (t h d)^lzMVX4 0 0 m o 1 J: ICM"^ 

<mmm 1 2 > 

Hd h d(Dm^&^Z r (t h d)^\tZMLX 1 6 0 Omo 1 % i: e) ICM 

[0 0 4 9] 
<Jtgc#!l 1 > 

^fei", S^VHi::!^^^.^^^ bTZ r (n B u 0)^mi^^m^mnt LTMV\ 
z:tiS:^il^^i:L/T h;i/x>{C2 0-2 7M*%i:5&-5 e> {c^«|bfeo r^^VN 
rO^^MiCZ r (n B u O) ^mmzMi^X 4 m=EJVmO)H d h d $:jDx., 

1 1 ovx 2mmMmm^Lx&i^^ii:f=.o &i^m^<Dh;]y:^y%:ms.rx9i^^ 

, 5|tigbfcZ r(dhd)4m<?)MaS:#;t„ 
<iti£M2> 

V)Vn::.^2AmnilVXZ r (n B u O^ig^^SrmigMlJl-i: bT«V^, 
zitiSr^il^MiibT h;i/ai>ic2 0-2 7M*%i:^<S J: e> lc^«|L;to r^v^ 
T% ^LCDmmmiZZ r (nBuO)^mmzMVX4:m'^)im<DHt h d $:inA, 

I 1 or"T?2^r^M3t?^LT;S/;5$i±3tc /K^S^KctKT) h;i/X>$:MJETT'l^5S 

, 5|fSStfeZr(t hd)4ii<*;(Z)Ma$:#feo 
<i:b«?M3> 

$fcT> S:;^";i/3^'^7A»:|-i: LTZ r (t B u o)^^ij^^iii^mmii LTMvn, 
rtiS:*#^^hLT h;i/X>lC2 0-2 7a*%i:^-g>i:e)lC^«lbfeo i!*CV% 
-e, :i(0^li??K{CZ r (t B u O^mmzMLX zm'^JVAO^H t h d SriUA, 

I I ox:x4mmMmmw.hxRj:i^^iir^o ^j^m^(Dh)i:i^y^n&Tx^^ 

, 5|«Sgb7£:Z r (t B uOgCt h d)2lg#:«)^^$:l#fe» 
[0 0 5 0] 
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<Jt«cM4> 

Z r (t B uO)4^f*:§:Z r (t Amy 1 O^^fifci: bfeiJ^^iiJrbicM 8 iiH^ 
fCtT^^$:^f V^, Z r (t Amy 1 Ogd h d )2^<^s$:#:to 
<JtieM 5 > 

$fe-r, s;;i/n::iit7AM!psfi:LTZ r (i P ^0)4^g#:^ffi^M^8^i:LTMv^, 

-e, Zl©^fi??K{CZ r (i P r 0)4^<z|slC^LT^^;i/»(Z)H t h d $:itl;i, 1 

SlfSgLAcZ r2(i P r 0)g(t hd)2^^*c®^^S:^ifco 

<tmm 6 > 

^■r, i;;m-'^AMiPFi:LTZ r (i P r O^^^^rmi^MJl^i: LTMV^, 

t?, :i<Dmmwnzz r (i p r o)^mmzMLr3m=^j\yM<DHt h d ^m^. 

, «igLfcZr(iPrO)(thd)3^i^is®^^$:l#fe, 
[0 0 5 1] 
<lfci^ffFfilif 1 > 

mitm 2 -a 5 (d±x izm l 

[0 0 5 2] 

g^UTfeU, -&^:^-i^(Z)M^^llliMl~6, ^|gM7~ 1 2(Z)ift>e>t)|HlCJ: 
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^mm(Dmmv)vzi=.^j^^^mit. ^mmmt)'^^ 25r<z)Pb(thd)2^> 
^mumti^s 2 o°c(DT i (t B uo)2(t h d)2iiMisbxj&^^^mm.mzmm^ 

S h 3b^T' ^ r *^ff| o fc, 

[0 0 5 3] 

<itmwm2> 

-i^A^l/- hig^S:^ti-eti2o{c^i-t. -;?liP b (t h d)2i:^?S'ffi#H 
^TT'M^L, :g{CTHF{C^«?LT?§?gtM)|SF$:^SgL., fa;?« P b ( t h d )2 

o 

[0 0 5 4] 

[111] 





mmmm 




























THF 


1. 6 


2. 1 




THF 


7. 5 


26. 2 


CyHex 


1. 6 


2. 3 


CyHex 


7.5 


27. 6 


« 5 


THF 


1. 7 


2. 0 


II 


4 


THF 


7. 2 


21. 5 


CyHex 


1. 7 


2.2 


CyHex 


7. 2 


22.4 


w 9 


THF 


1.6 


2.0 


II 


5 


THF 


6.8 


31.5 


CyHex 


1.6 


2. 3 


CyHex 


6.8 


32. 3 


w 12 


THF 


1.6 


2.3 


II 


6 


THF 


9. 5 


15. 5 


CyHex 


1. 6 


2.5 


CyHex 


9. 5 


16. 7 



[0 0 5 5] 

^1 <J: U^e>*^«;4:e)ic, itieMS, itieM 5 $:^n€tiP b ( t h d )2i:xg 
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m 

r 0)g(t h cDg^Z r (i P r 0)(t h d)2,^<D7JVn^i/ ]^^^tii^J\y:n=.^ 
Lt^it^miZit^X^^^ti^i&r^^t^i^. MHicfe^ P b (t hd)2t^jZL 

[0 0 5 6] 

<|gj6gM 1 3 > 

z:(?)m^M!|^S:^^T'feSTHF{C 15-2 5 h J: e) JC?§fi? L fe„ 

V^T^ /3 h^-fb^^^r-^t^M-^ISi: UT, H d h d i: H t h d ©gg-^SfJ-^Tb^ 
^;i/JtT'7 5/2 bom^X^tsm^m. Wt>Z r (nB uO)4d§#:C*fL/T3 
^^;i/*(DHd h d l^^;i/»(DHt h d $:-^tfM#?R5:m«Ufeo m 

mmiz0t^^^hy^t^!^^^tim^m^yp^<^)mri^. t ox:x2mmMmm 

gfELTMiSSitfeo &!ZM^(OTHF ^m&rxm^L. ifi^^^§:#fe<, 7^{C 
. 3 % 1 2 . 3 %) , C 6 1 . 6 % si. 7 %> , H S . 72 

% (S^ffls. 7 1%) ±135^^^^*^: u#eDtife*gH^«^Mi;^^;i/=i 

i^-trAlCd h d h t h d*^@H^L. -ecOiSfe#J-^7!)'^^;i/it (dhd/thd) 
7 5/2 5X:^^mi^. mt>Z r (d h d)3(t h d )CD||jt Sr^-^Sli^T'&S 

[0 0 5 7] 
<^JiM 1 4 > 

/S i;>!r h yit^^^^tim^mt Ur, HdhdiiHthd ®ge^irj-^;()^^;i/ 
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)VM<DH6. hdt 2#^;i/»® H t h d ^^tim^m^m^'^rc&.^itmmm 1 3 

. 8% mwimi 1. 9%). C6 2. 6% mwsme 2. 5%), hs. 92 
% (siSrias. 9 2%) T'^ofeo ±aa^^ff^mj:'j#^tij^MS«^Mt^vi/3 

-'^^i^.Cd h d ^ t h d*'^@2^L. -?-CDilJ-^;6'^^;bit (dhd/thd) V 5 0 
/5 OT'feS^^i. liPt.Z r (d h d)2(t h d )2®^5tS:^-tS^#^T'^S ilft 

[0 0 5 8] 

<ll]6gM 1 5 > 

/3 $;/r h yit^m^^tim-^mn lx. Hdhd^Hthd ©le-a-ti-^*'^^;!/ 

JtT'2 5/7 5 ®S5^T''^^^?g^?g^, fiPt>Z r ( n B u O^^^CM LT HSf^ 
;i/*®Hd h d 3^^;V*©H t h d ^^t^m^^^^^^tc&s^itmMm 1 3 

. eroOMffiii. 5%), C6 3. 6%mmm6 3. 4%). h9. 12 

% (SiHii9. 1 1%) -e^ofeo ±fH^^^I§mi: 

ni^^Atcd h d ^ t h d^-^SB^L, -ecDtI-^;^)'J^;bi:b (dhd/thd) T?25 
/7 5T'&S^©#:, fiP*>Z r (d h d)(t hd)^(Dmm^^'r^^i^X$>^iim. 

[0 0 5 9] 

<itmm7> 

t^J\yZi=.OJ^mmiLXZ r (nB uO)4^§^$:ml§M)^4i:LTMv^. 
T\ rc7)^^?gJCZ r (n B u O^^^itC;^ LT 4 >fi&^;i/*<OH t h d ^M^. 

1 1 o°cx zmmmmmmi^x^fZ^^^tc. ^iz^m^o) h jv:^y ^m&rx^^ 

, !|t8gb;tZ r(t hd)4^^(D^^S:#feo 



£tSliE# 2003-3047181 



#2 002-340381 



<itmm 8 > 

> ai^LfeZ r (t B uOgCt h d)2^^*c(D^^&#;fe„ 
[0 0 6 0] 

<itmmQ> 

Z r (t B uO)4^i#:$:Z r (t Amy 1 O) ^mi^HLrcPMtitmm S tmU 
iZLX^^^n^\ Z r (t Amy 1 0)^(t h d)2^#:$:#fco 
<J:bi«M 1 0 > 

$fe-r; i;;i/3~ii7AM!^fi:LTZ r (i P r 0)4^#$:m^mJ|S^ilbrmVK 
Ztl^mmmmtLX h;i'X>{C2 0-2 7m*%2l^-5 J:e)lC^iS?Lfeo 
T% ^(Z)^^^MtCZ r (i P r 0)4M^<s:{C^bT^^;i/»<7)H t h d $:}&n;^, 1 
1 0X:T'4^^iDi^MSSL/T)S^S$i±fc„ Mi^?^* h $:^ffiTT'|g?* b 

mmbt^Z TgCi P r 0)g(t h d)2^#c®M^$:#feo 
[0 0 6 1] 
<JtieMl l.> 

$fc-r, i?;i/=i-'i7AM)^i:bTZ r (i P r O^igflcSrm^MMi: bTMv^, 
ziti^^^il^^iibT h;i/x>ic2 0-2 7mM%trjt^^olzmMhr^. 

T% r(Z)^«??g{CZ r (i P r O^^^^tC^UT 3 ^^;i/*CDH t h d ^M:^. 

<th^m 1 2 > 

Z r (i P r 0)^mi^^Z r (nB u 0)^mi^tLr^&.^ititmm I 0 i:|l^lC 
LT-^m$:^f^V^, Z r (n B u O) ( t h d )3lgfls$:»^o 



2 g 
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[0 0 6 2] 

<itmnm 3 > 

tim^\ ms. 99kPa (soTorr) (DB^j^^rr-mAm^m^n^tc 

[0 0 6 3] 

oD^aii&^fc-^WMT'fe^p b (t h d)2, mm^^yit^munx&^T m 
p r o)^(t h d)2<Dm^mum^mi^xm-to 

CO 0 6 4] 
[*2] . 











Zr(dhd)s(thd) 


260 


n 14 


Zr(dhd)2(thd)2 


280 


w 15 


Zr(dhd)(thd)3 


300 




Z r ( t h d )4 


410 




P b ( t h d)z 


325 




T i ( i P r 0)2( t h d)2 


280 



[0 0 6 5] 
[0 0 6 6] 



3 0 
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HFT'-en-rn^^bfeo zti^(Dmm^2^^i,. -:^\,tTJ\y^ynm%<Dm 

[0 0 6 7] 









P b ( t h d)2 




1 


3 




Z r (d h d)3( t h d) 


0.9 


1. 1 


1.0 


n 14 


Z r (d h d)2( t h d)8 


0.8 


1.0 


0.8 


« 15 


Z r (d h d)(t h d)3 


0.7 


1.0 


0.9 




Zr(tBuO)2(t1id)2 


7.5 


13.4 


16. 2 


n 9 


Z r ( t Amy 1 0)2( t h d)2 


7.2 


9.8 


11.6 


« 10 


Z r 2( i P r 0)6 ( t h d)2 


6.8 


11.8 


14. 5 


// 11 


Z r ( i P r O) ( t h d )3 


9.5 


10. 1 


11. 5 



[0 0 6 8] 



^3 i: ^J^?>*^^a:e)^C, P b (t h cDgilM^-tSttf® i?;i/3::i'i7 Adp 1/- 
8-9. bmM%(D%i}C.nW:^^^rcmznLX. mmmi 3~1 5<Z)i>Vl/n::i 
feo ^fct;^Vl/=r-'t7Adpi/- h^^i:? b (t h.d.)^^m^LXlfrnT^U^l^ 

rzm-^> itmm 8-^1 KDt^jiu 9. 8~i3. 4mM%<Dm.'(tB 

-1. la*%®^}^l^JS;^'ft5S^S€:^Dfe7£^tT'fey, 3>{r.gr«#Lfe«-^li 
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, it^^S^l 1 ©i;;i/n->i7A^#:;&n l. 5~1 6. 2a»%(D^"ffcJ^^S: 
^l^t^^iZMLX. m^mi 3^ 1 b(DVj\yn-^2^^mtO. 8~1. Ofi* 

%(Dmi)^rj^%imm. ^ d ^ f£ i-t o ^ . 

[0 0 6 9] 

$fcT> mmmi 3-1 bRt^itmms^i 1 h^i^^r 
)izsymm%r-e^ 0 o°c^-eiin5^LT^<z)^>ft:^^t*$:^4x-eni^«*:$j'«f{c 
cbUiBSSbfe, r^kic, lljfeMi 3-1 5 ^t)fifci«^f!l 8 - 1 i<Z)^vi/n-'?A^r^ 
- h^flcSrP b (t h d)2ai^il-?'ti^tir;i/i?>#a^TT'iS^tfc^. Cy 

ii)^TT' 1 >!r^ra^#b, 'f£:&^|BlC#H^T-e3 >^HTO#Lfe, ^4x€tlOD 

Pb(t hd)2^<z|sS:2i-^Lfezi^#i&T;i/rf>#H^T-e5 0 0X:*T'*II^b 
T^®^>ft?^^SS:I^M*t9'«f ICO: VM^ Lfeo >tili§^lCC y H e x S:flJV^fc 

[0 0 7 0] 

[*4] 









P b (t h d)2 




1 


3 >5r ^ 




Z r ( d h d ) 3 ( t h d ) 


0.9 


1.0 


1.0 


n 14 


Z r (d h d)2( t h d)2 


0.8 


0. 8 


0. 9 


// 15 


Z r (d h d) (t h d)s 


0. 7 


0. 9 


0. 9 




Zr(tBuO)2(thd)2 


7. 2 


15. 2 


18. 3 


II 9 


Z r ( t Am y 1 0) 2 ( t h d )j 
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